The 'ionic effect', i.e., changes in xylem hydraulic conductivity (k xyl ) due to variation of the ionic sap composition in vessels, was studied in four Acer species growing in contrasting environments differing in water availability. Hydraulic measurements of the ionic effect were performed together with measurements on the sap electrical conductivity, leaf water potential and vessel anatomy. The low ionic effect recorded in Acer pseudoplatanus L. and Acer campestre L. (15.8 and 14.7%, respectively), which represented two species from shady and humid habitats, was associated with a low vessel grouping index, high sap electrical conductivity and least negative leaf water potential. Opposite traits were found for Acer monspessulanum L. and Acer platanoides L., which showed an ionic effect of 23.6 and 23.1%, respectively, and represent species adapted to higher irradiance and/or lower water availability. These findings from closely related species provide additional support that the ionic effect could function as a compensation mechanism for embolism-induced loss of k xyl , either as a result of high evaporative demand or increased risk of hydraulic failure.
Introduction
Xylem hydraulic conductivity (k xyl ) is a measure of the sufficiency of the plant hydraulic system to transport water from root tips to the foliage, which is crucial to avoid leaf desiccation under active photosynthesis and transpiration. As a consequence, k xyl is a fundamental determinant of plant water balance (Gleason et al. 2012) , gas exchange rate (Maherali et al. 2006) , photosynthetic productivity (Brodribb 2009 ) and resistance to environmental stresses (Creese et al. 2011) . Although k xyl is recognized to be mainly a function of anatomical features of xylem conduits like density, length, diameter and pitting (Oosterhuis and Wullschleger 1987 , Comstock and Sperry 2000 , Choat et al. 2008 , which cannot be modified over short time intervals, a number of studies have shown that k xyl can undergo fast and reversible up-regulation by modulation of xylem sap ionic concentration , Nardini et al. 2010 , Sellin et al. 2010 ). This phenomenon, which is commonly referred to as 'ionic effect', is likely based on cation-mediated modifications of the water permeability of interconduit pit membranes (Zimmermann 1978 , Zwieniecki et al. 2001 , Gascò et al. 2006 , Cochard et al. 2010 , Lee et al. 2012 . The original hypothesis proposed to explain this phenomenon states that reversible volume changes of an amorphous pectic matrix would be responsible for modifications of the dimensions of pit membrane nanopores, but this view has recently been challenged (Van Doorn et al. 2011 ) and the mechanistic bases of the 'ionic effect' are still under investigation .
The 'ionic effect' has been reported to play functional roles in planta, including drought-stress avoidance by up-regulation of k xyl and alleviation of water potential drop, compensation for embolism-induced loss of k xyl , differential delivery of water and nutrients to different plant sectors (Zwieniecki et al. 2003 , Nardini et al. 2010 , Sellin et al. 2011 and optimization of k xyl on the basis of nutrient availability (Oddo et al. 2011) . Moreover, some studies suggest that the 'ionic effect' might drive ecological adaptations of plants by influencing their competitive behaviour. As an example, mangroves have been reported to optimize k xyl by increasing the salt concentration in their xylem sap, thus suggesting that adaptation to saline habitats might be favoured by water transport systems with high sensitivity to changes in salt concentration in the sap, which would favour maintenance of stomatal opening, photosynthesis and productivity of halophytes (López-Portillo et al. 2005) . By comparing the ion-sensitivity of k xyl in six temperate deciduous tree species, Aasamaa and Sõber (2010) concluded that the ionic effect was lower in fast-growing species than in slow-growing plants, which adopt conservative water-use strategies to overcome adverse impacts of drought periods. It was also suggested that the ionic effect should be considered as an important trait for plant survival and competition in seasonally water-limited environments.
Most studies devoted to the ionic effect have dealt with heterogeneous species assemblages, where contrasting evolutionary histories of different taxa, and related constraints on wood anatomy and/or pit membrane characteristics, might have masked the ecological role played by the ionic effect in adaptive behaviour of plant species. Boyce et al. (2004) analysed ion-mediated changes in k xyl in 50 different species with different degrees of cell wall lignification, and concluded that the ionic effect is a trait more common in derived angiosperm taxa. Jansen et al. (2011) showed that the high ionic effect was associated with anatomical traits correlated to intervessel connectivity across 20 woody angiosperms that were taxonomically non-related. Interestingly, high intervessel connectivity has been suggested to be a trait more widespread in droughtadapted taxa (Carlquist 1984 (Carlquist , 2009 ), a conclusion that would be consistent with the suggested role of the ionic effect in avoidance and/or compensation for embolism-induced loss of k xyl (Gascò et al. 2006 , Trifilò et al. 2008 .
Tree species belonging to the genus Acer offer an opportunity to test hypotheses about the functional/ecological role of the ionic effect in closely related taxa adapted to different environmental conditions. In fact, some Acer species have already been reported to significantly increase their k xyl in response to changes in the ionic content of xylem sap Sõber 2010, Jansen et al. 2011) , as a likely consequence of their relatively high intervessel connectivity . Moreover, the genus Acer comprises species thriving under contrasting environmental conditions both in terms of water availability (Tissier et al. 2004 ) and in terms of light intensity (Kloeppel and Abrams 1995, Hanba et al. 2002) .
In the present study, we report measurements of ion-mediated enhancement of k xyl and native xylem sap electrical conductivity in four species of Acer differing both in light use and drought resistance as estimated on the basis of different vulnerability to xylem cavitation derived from data in the literature. The species selected were Acer pseudoplatanus L. (shade-tolerant), Acer campestre L. (shade-tolerant), Acer platanoides L. (light-demanding) and Acer monspessulanum L. (light-demanding). We predicted that species adapted to habitats characterized by relatively high irradiance and low water availability, which impose high evaporative demand and low water transport rates to the foliage, would benefit from higher capacity of k xyl ion-mediated up-regulation than species adapted to shady and humid habitats, which are subject to lower evaporative demand and higher water availability. Moreover, in accordance with Jansen et al. (2011) , we hypothesize that the magnitude of the ionic effect in different Acer species is related to the relative degree of intervessel connectivity. Finally, we expect that the magnitude of ion-mediated k xyl enhancement correlates with the native xylem sap ionic concentration, as reported by Aasamaa and Sõber (2010) .
Materials and methods

Plant material and study sites
All measurements were performed between mid-May and early July 2011 on adult individuals of four species selected, with three individuals per species sampled. Acer pseudoplatanus and A. campestre were growing near the Botanical Garden of the University of Trieste (45°39′41″N, 13°47′44″E; altitude 152 m a.s.l.). The area is characterized by emerging flysch soils with a high water retention capacity and total available water content (AWC) of 80 mm, as based on dedicated maps from the Regional Agency for Agriculture Development (http:// www.ersa.fvg.it, see also Gortan et al. 2009 ). Individuals of A. platanoides used in this study were sampled near the village of Opicina (45°42′23″N, 13°48′12″E; altitude 285 m a.s.l.), where karstic soils with low water-holding capacity prevail (AWC = 55 mm). Finally, A. monspessulanum individuals were growing near the village of Prosecco (45°41′51″N, 13°44′31″E; altitude 260 m a.s.l.) on a SW-exposed slope characterized by emerging limestone (AWC = 44 mm). Only individuals growing in open patches were selected, to avoid confounding effect of the light environment on possible species-specific differences. Photosynthetic photon flux density as measured at midday above branches sampled for experiments ranged between 900 and 1700 µmol m −2 s −1 .
Total precipitation in April-June 2011 was 177 mm, i.e., 30% less than the average rainfall in the area for the same reference period (259 mm 
Hydraulic measurements
All hydraulic measurements were performed using established techniques (Gascò et al. 2006 , Nardini et al. 2007 ). Three-to four-year-old stem samples were collected in the field and immediately transported to the laboratory with their cut section immersed in water. Stems were recut in the lab to a length of 10 cm, which was considered sufficient to maintain virtually all xylem conduits closed as based on vessel length measurements (see below). Stems were girdled over a length of 2 cm, trimmed under water and connected to a hydraulic apparatus (Xyl'Em, Bronkhorst, Montigny les Cormeilles, France). Possible embolism was removed by flushing samples at a pressure (P) of 0.2 MPa for 10 min using the reference solution as described by Jansen et al. (2011) . After flushing, initial k xyl was recorded at P = 8 kPa using the same reference solution. Then, the solution was enriched with 25 mM KCl and the k xyl increase (Δk xyl , %) was recorded, taking care to wait until flow stabilization, which usually took 20-40 min. The KCl concentration was selected to mimic maximum [K + ] recorded in the xylem sap of woody plants (Canny 1995 , Goodger et al. 2005 , so as to maximize the potential k xyl responses in the study species. All hydraulic measurements were performed at lab temperature (20 ± 2 °C). At the end of the experiments, the diameter of the girdled portion of the stem was measured using a digital calliper and the xylem cross-sectional area was calculated (A xyl ). Then, k xyl was multiplied by A xyl to obtain the stem-specific hydraulic conductivity (kg s −1 MPa −1 m −1 ). Measurements were repeated on 6-9 samples per species, collected from three different individuals (2-3 samples per tree).
Sap electrical conductivity and leaf water potential measurements
Sap samples were collected in mid-June from 50-cm-long branches, using the vacuum chamber technique as described by Améglio et al. (2004) . Five branches (40-60 cm long) per species were sampled between 0900 and 1000 h on selected sunny days. Leaves were immediately removed and stems were transported to the laboratory while enclosed in plastic bags with humid filter paper inside to prevent desiccation. About 0.5-1.0 ml of sap was extracted from each sample. Sap electrical conductivity was measured using a conductivity meter (Twin Cond B-173, Horiba Ltd, Kyoto, Japan). In some randomly selected samples, sap potassium concentration was also measured using a K + selective electrode (Cardy Compact Ion Meter, mod. C-131, Horiba Ltd). Midday leaf water potential (Ψ min ) was recorded the day immediately following sap sample collection. Leaves were detached from three different individuals per species (two leaves per individual) between 1200 and 1300 h, immediately wrapped in plastic film and transported to the laboratory while in a refrigerated bag, and Ψ min was determined using a pressure chamber (Mod. 3005, Soilmoisture Equipment Corp., Santa Barbara, CA, USA).
Anatomical measurements
The average vessel length (L V ) was measured on three samples per species using the silicone injection technique . Stems were first flushed with the reference solution as described above and then injected with a silicone mixture at P = 0.5 MPa for 2 h. Rhodorsil RTV-141 (Rhodia, Cranbury, NJ, USA) was used as the two-component silicone elastomer, with 1 g of a blue pigment (Pentasol; Prochima, Pesaro, Italy) added to 10 g of silicone. Silicone hardening was complete after 12 h of air-drying. Samples were then cut into 0.5-cm-long pieces. Transverse sections were cut by hand with razor blades and observed under a light microscope. For each section, the number of vessels filled with silicone was counted and the average vessel length was calculated using equations reported by Sperry et al. (2005) .
Additional anatomical measurements on vessel and pit dimensions were based on samples that were used for hydraulic measurements . The mean vessel hydraulic diameter (D V ) was estimated from at least 300 vessels from three different samples per species and calculated as D V = [(Σd 4 )/n] 1/4 , where n is the number of vessels measured and d is the individual lumen diameter based on the equivalent circle area of a vessel. The vessel grouping index (V G ) as defined by Carlquist (2001) was calculated based on transverse sections from three samples per species. In addition, we calculated the solitary vessel index (V S ). Assuming that vessels end randomly, V S values based on two-dimensional cross-sections are similar to the proportion of the vessel length that is not in contact with adjacent vessels. Hence, 1 − V S gives the fraction of the vessel length that is in contact with another vessel, which was defined as the vessel contact length fraction (F L ). Multiplication of F L and L V gives the average contact length between adjacent vessels (L C ). Measurements to estimate the total intervessel pit membrane area per vessel (A P ) followed methods previously described by Wheeler et al. (2005) and Hacke et al. (2006) . The intervessel contact fraction (F C ) was determined on a minimum of 500 vessels from five or more selected xylem areas between 1 and 2.5 mm 2 based on a minimum of three samples per species. The same areas were used to calculate vessel density (V D ). In order to avoid any bias in our anatomical measurements, each sample was given a particular code to hide its species identity when taking measurements.
Statistical analyses
Statistical analysis was performed using the software SigmaStat v. 2.0. The significance of differences between species was tested using one-way analysis of variance (ANOVA) followed by Tukey's post hoc comparisons. The significance of correlations was tested using the Pearson product moment coefficient.
Results
The specific stem hydraulic conductivity (k xyl ) as measured with the reference solution ranged between 0.33 ± 0.07 and 0.54 ± 0.15 kg s −1 MPa −1 m −1 in A. campestre and A. platanoides, respectively. Intermediate values were recorded in the other two species (Figure 1) . When the perfused solution was enriched with 25 mM KCl, an increase of k xyl was recorded in all species. As an example, k xyl increased on average to 0.38 ± 0.07 and 0.67 ± 0.06 kg s −1 MPa −1 m −1 in A. campestre and A. platanoides, respectively. The average percentage of increase in k xyl (Δk xyl , Figure 1) , as calculated on the basis of k xyl increase recorded in each single hydraulic experiment, was 15.8% for A. pseudoplatanus and 14.7% for A. campestre, but significantly higher in A. monspessulanum and A. platanoides (23.6 and 23.1%, respectively).
The four Acer species differed from each other in several anatomical traits (Table 1) . Average hydraulic vessel diameter (D V ) ranged between 22.3 ± 5.8 and 30.0 ± 8.1 µm in A. campestre and A. pseudoplatanus, respectively. Vessel density (V D ) was lowest in A. pseudoplatanus (128 ± 18 vessels mm −2 ) and was substantially similar in the other three species (~200 vessels mm −2 ; Table 1 ). Average vessel length (L V ) was not significantly different between species and averaged ~3 cm. The study species differed significantly from each other in terms of mean vessel grouping index (V G ) that was lower in A. pseudoplatanus and A. campestre (1.33 ± 0.15 and 1.36 ± 0.09, respectively) than in A. monspessulanum and A. platanoides (1.60 ± 0.09 and 1.62 ± 0.06, respectively). No significant difference between species was observed in terms of F C . Although a high value of L C was recorded in the most drought-adapted species (A. monspessulanum), similar F C values were obtained for A. pseudoplatanus and A. platanoides. Also, average A P was found to be substantially similar across species, with higher than average values recorded in A. monspessulanum.
A positive linear correlation (r = 0.88, P < 0.001) was observed between the percentage increase of k xyl as induced by 25 mM KCl, and the vessel grouping index at an interspecific level (Figure 2) . Given the positive correlation between F C and V G (r = 0.78, P < 0.01), there was also a significant correlation between the mean ionic effect and F C across the four species (r = 0.97, P < 0.05), but this correlation was not supported at the intraspecific level. Δk xyl was not significantly correlated to other anatomical parameters reported in Table 1 .
Sap electrical conductivity was significantly higher in A. pseudoplatanus and A. campestre (0.54 ± 0.02 and 0.51 ± 0.02 mS cm −1 , respectively), i.e., the species showing lower ionic effect, than in A. monspessulanum and A. platanoides (0.40 ± 0.04 and 0.46 ± 0.03 mS cm −1 , respectively), where the ionic effect was >20% (Figure 3a) . Sap electrical conductivity was positively correlated with sap potassium content (Figure 3b) .
Minimum midday leaf water potential values (Ψ min ) recorded in mid-June were significantly lower in the two species from drought-prone sites, i.e., A. monspessulanum and A. platanoides (−2.77 ± 0.18 and −2.68 ± 0.15 MPa, respectively), than in the species from habitats with higher water availability, i.e., A. pseudoplatanus and A. campestre (−1.28 ± 0.07 and −1.68 ± 0.21 MPa, respectively). Δk xyl was inversely related to Ψ min (r = 0.95, P = 0.05) (Figure 4 ).
Discussion
Xylem hydraulic conductivity increased in response to enrichment of the perfused solution with 25 mM KCl, a concentration consistent with values recorded in native xylem sap of different Ion-mediated enhancement of xylem hydraulic conductivity 1437 species (Glavac et al. 1990 , Goodger et al. 2005 , Nardini et al. 2010 . The Δk xyl was lowest in the two species adapted to shady and humid habitats (A. pseudoplatanus and A. campestre) , and highest in those adapted to higher irradiance and/or lower water availability (A. monspessulanum and A. platanoides) . Plants are known to increase their root and leaf hydraulic conductance in response to light by enhanced expression of aquaporins and consequent increase in membrane permeability (Henzler et al. 1999 , Lo Gullo et al. 2005 , Sellin et al. 2008 , Voicu et al. 2008 . Ion-mediated enhancement of k xyl might further contribute to up-regulation of plant hydraulics under high irradiance and/or water demand (Aasamaa and Sõber 2012) . In this sense, the observed sensitivity of k xyl to xylem sap ionic concentration in A. platanoides and A. monspessulanum can be considered as an adaptive trait in high-light/temperature and/or xeric habitats.
Values of k xyl recorded in this study are similar to those reported by Tissier et al. (2004) for stems of the same species, despite the fact that plant provenances were different (France versus North-Eastern Italy). This might suggest that k xyl is a conserved character in different European populations of Acer species, although the similarity might be fortuitous. The highest k xyl value was recorded in the light-demanding A. platanoides. Previous studies have reported correlations between leaf gas exchange rates and stem hydraulic conductivity (e.g., Sperry 2000, Lemoine et al. 2001) . Hence, high k xyl might allow this Table 1 . Selected wood anatomical features related to vessel and pit characteristics for four Acer species. Species are ordered from low to high ionic effect. D V , hydraulic vessel diameter; L V , vessel length; V D , vessel density; V G , vessel grouping index; L C , intervessel contact length; F C , intervessel contact fraction; A P , total intervessel pit membrane area per vessel. Means are reported ± SD. Different letters indicate significant differences between species. The P values or the lack of significance (n.s.) are reported. Statistical analysis was not performed for derived parameters (L C and A P ).
A. campestre 22.3 ± 5.8a 2.4 ± 1.3 203 ± 38a 1.36 ± 0.09a 0.52 ± 0.32 0.137 ± 0.017 0.20 ± 0.12 A. pseudoplatanus 30.0 ± 8.1b 3.2 ± 1.4 128 ± 18b 1.33 ± 0.15a 0.83 ± 0.41 0.147 ± 0.031 0.23 ± 0.13 A. platanoides 27.1 ± 7.3b 2.6 ± 1.6 206 ± 21a 1.62 ± 0.06b 0.82 ± 0.51 0.163 ± 0.034 0.21 ± 0.14 A. monspessulanum 25.3 ± 7.9ab 3.6 ± 1.1 218 ± 14a 1.60 ± 0.09b 1.30 ± 0.43 0.164 ± 0.038 0.30 ± 0.14 Figure 2 . Relationships between the percentage increase of stemspecific hydraulic conductivity (k xyl ) in response to enrichment of perfused solution with 25 mM KCl (Δk xyl ) and vessel grouping index across four Acer species, including three samples per species. The correlation coefficient and P value (Pearson product moment correlation) are reported. Abbreviations for species' names are as in Figure 1 . species to maintain high photosynthetic rates, thus improving biomass production and nutrient productivity (Lambers et al. 2008) , providing a possible explanation for the high efficiency of A. pseudoplatanus in the utilization of light, water and nutrients (Kloeppel and Abrams 1995) . High k xyl is adaptive in habitats with high irradiance, as larger water transport rates from the roots to the foliage favour photosynthesis and productivity (Barigah et al. 2006) . Similarly, high k xyl has been hypothesized to be advantageous in arid habitats as well, because efficient water supply to the leaves is expected to buffer water potential drop thus protecting plants from the risk of turgor loss and xylem embolism (Barnard et al. 2011) . High k xyl can be achieved by structural modifications of xylem conduits, including diameter, length and density. Such anatomical changes imply significant costs either in terms of metabolic investment (Poorter et al. 2010) or of increased risk of hydraulic failure (Markesteijn et al. 2011) , which sets a limit to the benefits of increased vessel dimensions, especially in droughtprone sites (Tyree and Zimmermann 2002) . Transient/physiological up-regulation of plant hydraulic conductance during periods of high evaporative demand (e.g., during midday) might be more advantageous than permanent/structural enhancement of k xyl , especially in arid habitats where metabolic costs and hydraulic risks of a 'constitutively' high k xyl could be unaffordable. More likely, a combination of both structural and physiological regulation mechanisms allows plants to optimize water transport rates under different environmental conditions.
The magnitude of k xyl enhancement induced by increased xylem sap concentration was correlated to the minimum leaf water potential experienced by the species. Because lower Ψ min implies increased risks of cavitation-induced hydraulic failure, the relationship reported in Figure 4 would be in agreement with the suggested role of the ionic effect in compensation of embolism-induced loss of k xyl (Trifilò et al. 2008) . In this sense, we had hypothesized that species exhibiting the highest Δk xyl would be characterized by higher sap electrical conductivity (and likely higher sap potassium content) than those with relatively small ion-mediated k xyl increment, as already reported by Aasamaa and Sõber (2010) for a different set of temperate tree species. On the contrary, an inverse relationship was observed between Δk xyl and sap electrical conductivity in the four Acer species studied. Higher sap electrical conductivity was recorded in A. campestre and A. pseudoplatanus, while lower values were recorded for A. monspessulanum and A. platanoides. This seemingly paradoxical behaviour might suggest that plants inhabiting resource-rich habitats can up-regulate their k xyl by a large increase of their sap ionic content even if characterized by intrinsically low Δk xyl . In fact, the likely higher nutrient availability would make the possible upregulation of k xyl with large increases of xylem sap [K + ] metabolically affordable. On the other hand, in resource-limited habitats, like those colonized by A. platanoides and especially A. monspessulanum, poor nutrient availability might require the construction of a xylem hydraulic system more sensitive to sap ionic content, thus allowing the potential up-regulation of k xyl with even minimal changes of sap [K + ], to sustain transiently high transpiration rates and/or compensate for embolisminduced loss of k xyl .
In the present study, xylem sap was collected from plants likely suffering a relatively low level of xylem embolism. Although we did not measure percentage loss of k xyl , the range of Ψ 50 values (stem water potential inducing 50% loss of k xyl ) for the species studied as derived from the literature are as follows: −1.6 to −2.2 MPa for A. pseudoplatanus (Tissier et al. 2004 , −2.1 to −2.3 MPa for A. campestre (Tissier et al. 2004, A. Nardini et al., unpublished) , −1.8 to −1.9 MPa for A. platanoides (Tissier et al. 2004 , and −3.3 to −3.5 MPa for A. monspessulanum (Martínez-Vilalta et al. 2002 , Tissier et al. 2004 . Taking into account that in the present study only leaf water potential was measured, which under active transpiration is generally lower than the stem water potential, data reported in Figure 4 suggest that only A. platanoides had Ψ min likely approaching Ψ 50 . The possible occurrence of up-regulation of sap electrical conductivity in response to cavitation events in drought-adapted Acer species, as already reported for other woody plants (Tyree et al. 1999 , Trifilò et al. 2008 , requires further research. In any case, it should be noted that even in the absence of active up-regulation of xylem sap ionic content, increased embolism level per se would lead to an enhancement of water transport efficiency of still functional conduits in species with high ionic effect, because Ion-mediated enhancement of xylem hydraulic conductivity 1439 Figure 4 . Relationships between the percentage increase of stemspecific hydraulic conductivity (k xyl ) in response to enrichment of perfused solution with 25 mM KCl (Δk xyl ) and minimum leaf water potential as measured in the field in four Acer species. Means are reported ± SD (n = 6). Abbreviations for species' names are as in Figure 1 . The correlation coefficient and P value (Pearson product moment correlation) are also reported.
water flowing in a partially embolized xylem system would be forced to by-pass gas-filled conduits by flowing through intervessel pits, thus enhancing the relative contribution of radial flows to xylem water transport (Gascò et al. 2006) .
The magnitude of the ionic effect was correlated at an interspecific level to the degree of vessel-to-vessel connections as estimated on the basis of V G and F C (Figure 2 ). This finding is in accordance with the proposed role of vessel-to-vessel radial flow in the ion-mediated regulation of k xyl , as well as with a previous report based on 20 different species . However, our data do not offer evidence for a correlation between V G and the magnitude of ionic effect at an intraspecific level, and more studies based on a larger number of samples will be needed to address this topic.
Interestingly, the vessel grouping in different Acer species has been reported to be correlated to their relative cavitation resistance . Our data suggest an additional functional role for vessel grouping, in that high V G in A. monspessulanum and A. platanoides would make these species more capable to up-regulate k xyl in the case of embolism development in some of their conduits (Gascò et al. 2006) . In other words, high vessel grouping would confer high resistance to xylem cavitation in Acer species both shifting the onset of air seeding to more negative stem xylem pressures, and allowing for alleviation of embolism-induced loss of k xyl .
In conclusion, our data suggest that Acer species adapted to different habitats display different levels of k xyl response to changes in xylem sap ionic concentration, although it is unclear as to how much of the observed differences were due to intrinsic interspecific differences or should in part be attributed to the different growth conditions, with special reference to water availability. Solving this issue will require additional experiments in future studies.
The high ionic effect recorded in species from habitats with high irradiance and/or low water availability might represent a functional adaptation to high evaporative demand or increased risk of xylem hydraulic failure, and this physiological trait should be considered when assessing the functional bases of the ecological strategy of trees, as well as their possible responses to environmental changes.
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